Water kefir is a beverage fermented by a microbial consortium captured in kefir grains. The kefir grains matrix is composed of polysaccharide, primarily dextran, which is produced by members of the microbial consortium. In this study, we have isolated lactic acid bacteria (LAB) from non-commercial water kefir grains (from Belgrade, Serbia) and screened for dextran production. Among twelve LAB isolates three produced slime colonies on modified MRS (mMRS) agar containing sucrose instead of glucose and were presumed to produce dextran. Three LAB were identified, based on morphological, physiological and biochemical characteristics and 16S rRNA sequencing, as Leuconostoc mesenteroides (strains T1 and T3) and Lactobacillus hilgardii (strain T5). The isolated strains were able to synthesize a substantial amount of dextran in mMRS broth containing 5% sucrose. Maximal yields (11.56, 18.00 and 18.46 g/l) were obtained after 16, 20 and 32 h for T1, T3 and T5, respectively. Optimal temperature for dextran production was 23 o C for two Leuconostoc mesenteroides strains and 30 °C for Lactobacillus hilgardii strain. The produced dextrans were identified based on paper chromatography, while the main structure characteristics of purified dextran were observed by FT-IR spectroscopy. Our study shows that water kefir grains are a natural source of potent dextran producing LAB. . Beverage is slightly carbonated, with refreshing and moderately sour taste. The fermentation is performed by a consortium of symbiotic microorganisms embedded in kefir grains. The microbiota of kefir grains varies depending on its origin and culture media used for fermentation [2] . The composition of the kefir grains' microbiota has been excessively studied [3] [4] [5] [6] [7] . It includes yeasts, acetic acid bacteria and lactic acid bacteria (LAB), with the last being the most abundant [6] . LAB of the kefir grains belong to the following genera: Lactobacillus, Lactococcus and Leuconostoc [3, 4, 8] .
tobacillus nagelii and Lactobacillus hordei [6] , as well as Lactobacillus hilgardii [3, 8] .
Dextran is a high-molecular-mass homopolysaccharide made of glucose. The glucose molecules in the main chain of dextran are linked by alpha 1-6 glycosidic bonds. Branching can occur at positions 2, 3 or 4 [10] . The proportion of branching and the chain length affects the rheological properties of EPS [11] .
Due to its relative stability and good solubility, dextran is widely used in different branches of industries, such as medical, pharmaceutical, food, textile and chemical industries [12] [13] [14] [15] [16] . Insoluble dextran could be applied as matrix for immobilization of biomolecules [17] .
Because dextran is an important polysaccharide that can be applied in various branches of industries, the aim of this study was to isolate LAB which produces dextran from water kefir grains. The present paper describes characteristics of three LAB isolates from water kefir grains that are able to produce dextran in large quantities. We describe conditions for the production of dextran by Leuconostoc mesenteroides originating from this source for the first time. Purified dextran samples were preliminary characterized by paper chromatography and FTIR spectroscopy.
EXPERIMENTS Isolation and screening for dextran producing LAB
Non-commercial water kefir grains (from a household in Belgrade, Serbia) were used for isolation of LAB. The grains (1 g) were homogenized in 9mL saline and used as inoculum for two different media: MRS and M17 agar. After two days of incubation at 30 °C, five to ten colonies from each agar plate were inoculated in MRS broth. They were re-streaked and purified strains were routinely propagated in MRS broth at 30 °C in micro-aerofilic condition for further characterization.
The first screening for dextran production was performed on modified MRS (mMRS) agar having 5% sucrose instead of glucose. Selected cultures were streaked on surface of agar plates. Agar media were incubated in micro-aerofilic conditions at 30 °C for 48 h. The slimy colonies were identified and propagated in mMRS broth. The amount of produced dextran was estimated colorimetrically by phenol-sulfuric acid method using glucose as a standard [18] . The absorbance was measured at 490 nm in spectrophotometer (Ultrospec 3300 proAmersham Bioscience).
Identification of dextran-producing isolates
The three selected strains (T1, T3 and T5) were identified by phenotypic and molecular methods. The first tentative identification as LAB was performed according to morphological characteristics (colony morphology, Gram staining and cells shape) and physiological characteristics (catalase test, growth at different temperatures, growth in media with different concentration of NaCl). Further, isolates were examined for fermentation of different carbohydrate using the API 50 CHL system (BioMérieux, France).
The species level identification of selected LAB dextran-producing strains was confirmed by sequencing of the 16S rRNA encoding gene, using the following procedure: the total DNA extraction from pure cultures was done by phenol-chloroform method [19] . The 16S rRNA gene was amplified using the total DNA as template for PCR with primers UNI16SF (5′-GAG AGT TTG ATC CTG GC-3) and UNI16SR (5′-AGG AGG TGA TCC AGC CG-3′). PCR mixture contained 2.5 μL 10xPCR buffer (0.5 M KCl, 0.1 M Tris-HCl, pH 8.8 at 25°C and 0.8% Nonidet P40), 1. 
Production of dextran

Effect of temperature and fermentation time on dextran yield
To evaluate the influence of temperature and incubation time on the growth and dextran production, the three high yield dextran-producing strains (T1, T3 and T5) were grown in 100 mL of mMRS broth containing 50 g/L of sucrose in 300 mL Erlenmeyer flasks at 30 °C for 24 h. This overnight culture was used as inoculum in further experiments.
To study the influence of various temperatures on dextran production the strains were incubated at 23, 30 and 37 °C. Incubation lasted 16h for Lc. mesentroides T1, 20 h for Lc. mesentroides T3 and 32h for Lb. hilgardii T5.
To study the effect of time on dextran production, the culture media were incubated for different time intervals ranging from 0 to 48h. Fermentation was carried out at 23 °C for Lc. mesenteroides strains T1 and T3 and 30 °C for Lb. hilgardii T5. Dextran concentration, cell biomass and final pH of fermented culture broth were determined.
Isolation and purification of dextran
Samples of the fermented media for dextran quantification were treated in boiling water for 15 min to inactivate bacteria. Bacterial cells were removed by centrifugation at 7000 rpm for 15 min at 4 °C. Dextran was precipitated from the supernatant by addition of double volume ice cold 96% ethanol and kept overnight at -20 °C. The samples were centrifuged at 13500 rpm for 15 min at 4 °C. Dextran pellets were separated from the supernatant and dissolved in hot distilled water. The precipitation procedure was repeated twice. The final precipitate was dissolved in hot distilled water. Dextran samples were additionally purified by dialysis through 10 kDa membrane against distilled water at 4 °C for 48 h with 3-4 changes per day. The purified dextrans were then recovered by spray-drying (BÜCHI Mini Spray Dryer B-290, inlet temperature 140 °C, outlet temperature 80 °C) and stored at room temperature.
Characterization of dextran
Study of monomer composition
Thin layer chromatography (TLC) was performed to determine monomer composition of isolated dextrans. TLC was carried out using paper chromatography of the hydrolyzed polymers according to method described by Bailer and Oxford [20] . Glucose, fructose and galactose were used as standards.
Study of Fourier-transformed infrared spectroscopy
The major structural groups of the purified dextrans were detected by Fourier-transformed infrared (FTIR) spectroscopy using KBr method.
FT-IR spectroscopy (Bomem MB100, Canada) was performed by mixing the sample, dextran powder (0.6 mg) with 200 mg of KBr. The mixture was tableted under a pressure of 350 MPa, and dried at 110 °C for 48 h before analysis. The analysis was performed at room temperature (27 °C) in the range of wavelengths of 400-4000 cm -1 , with a resolution of 4 cm -1 .
RESULTS
Identification of dextran-producing isolates
In the present study, 12 lactic acid bacteria were isolated from water kefir grains and were denoted as T1 to T12. Isolated bacteria were able to grow on MRS and M17 plates at 30 °C. All tested strains were catalase-negative and Gram-positive with various shapes ranging from long rods to coccoid rods (Table 1) . Three isolates formed mucous colonies on mMRS agar (Fig.  1 ). They were selected for further studying and dextran production quantification and characterization.
Testing the growth at different temperatures showed that optimal temperature for all three strains was 30 °C. They all could grow at 37 °C but none could grow at 45 °C. The isolate T3 could grow at 15 °C, while T5 showed weak growth at this temperature. The isolate T3 was tolerant to NaCl at all tested concentrations (4, 6.5 and 9.6%), while T1 and T5 grew at 4 and 6.5% NaCl and did not grow in the presence of 9.6% NaCl. All three strains fermented glucose with gas production (Table 1) . API test was used for determination of fermentation pattern of isolates (Table 2) .
According to physiological characteristics the isolates T1 and T3 belong to the genus Leuconostoc. The sugar fermentation patterns differed for several carbohydrates including arbutin, fructose, galactose, lactose, melibiose, salicin, trechalose, methyl-α-D-glucopyranoside, N-acetylglucosamine, gentibiose, inuline and turanose (Table 2 ). Based on the fermentation profile of the isolate T5 (Table 2) , this isolate was preliminarily identified as Lactobacillus hilgardii according to Bergey's Manual of Systematic Bacteriology [21] . All three strains could ferment sucrose which is the main carbohydrate available during water kefir preparation.
Based on the 16S rRNA gene encoding sequence of the isolates T1 and T3 were identified as Leuconostoc mesenteroides (the isolates shared >99% sequence similarity with Lc. mesenteroides strain NCFB 529, acc NR_040817), while the isolate T5 was identified as Lactobacillus hilgardii (with 99% 16S rRNA encoding sequence similarity to strain NBRC 15886, acc NR_113817.1). Based on the 16S rRNA gene sequences the isolates and their close relatives, a phylogenetic tree was constructed by the use of ARB software [22] (Fig. 2) . 
Dextran production
The temperature of incubation significantly influenced the amount of produced dextran during growth of all three isolates (Fig. 3) . The isolates were grown on three temperatures of 23, 30 and 37 °C. For Lb. hilgardii T5 strain, the amount of synthesized dextran varied between the tested temperatures and was the highest at 30 °C, while both Lc. mesenteroides strains showed maximal dextran production at the lowest tested temperature. The maximum dextran amount for Lc. mesenteroides T1 and T3 strains was 11.56 and 18.00 g/l, respectively. There was a strong decrease in dextran yield at higher temperatures. T5 strain showed maximal dextran production of 18.46 g/L at the optimal growth temperature (30 °C).
In this study, dextran production by Lc. mesenteroides T1 and T3 strains and Lb. hilgardii T5 strain was monitored during 48 h in mMRS broth. The T1 and T3 strains were incubated at 23 °C and T5 strain was incubated at 30 °C.The production of dextran increased with time during the exponential growth phase and in the stationary started to decrease (Fig. 4) . Dextran yield reached maximum after 16h and 20h of incubation for Lc. mesenteroides T1 and T3 strains, respectively. Prolonged time of fermentation had positive effect on dextran yield only for isolate T5 which could be explained by slower growth rate of this bacterium. The maximum dextran production for the isolate T5 was observed after 32 h of fermentation, which was the beginning of stationary phase of growth of this bacterium. The pH of the fermented broth decreased from the initial pH of 7.2 to 4.3 during fermentation (Fig. 4) , due to the metabolic activity of isolates, primarily lactic acid production. Common for all three strains was that when the pH value dropped to 4.3, the degradation of dextran started, and the yield was lower.
Characterization of dextran
TLC was performed using paper chromatography with glucose, fructose and galactose as standards. Results show that glucose is monomer unit of poly- T1  T3  T5  T1  T3  T5 Control -
saccharides produced by all three studied isolates (T1, T3 and T5). FTIR spectroscopy analysis confirmed polysaccharide nature of the extracellular material synthesized by the tested isolates (Fig. 5) .
All samples analyzed on FT-IR had similar appearance in the area of 2000-4000 cm -1 . Intense and broad band in 3200-3500 cm -1 originated from the O-H stretching vibrations due to the influence of hydrogen bonds which is characteristic for polysaccharides molecules [23] . Peak around 2927 cm -1 is characteristic for the C-H stretching vibration.
There are slight differences in these spectra in the range of 400-2000 cm -1 . Broad signal from C-O-C and C-O at 1000-1200 cm -1 indicated the presence of the characteristic bonds of carbohydrates [24] . In this range the most intense peak for all samples are in the 1016-1020 cm -1 and 1030-1040 cm -1 which confirmed that the tested compounds are polysaccharides [25] .
Figure 2. The phylogenetic tree of the LAB strains (T1, T3 and T5) isolated from water kefir grain and other members of Lactobacillus and Leuconostoc genera, constructed using the 16S rRNA gene sequences. The tree was constructed using the neighbor joining algorithm as implemented in ARB software. Escherichia coli is the root of the tree.
A characteristic absorption at 825-850 cm -1 indicates α-configuration of monomeric units. The absence of the signal at 900 cm -1 indicates the absence of β-configuration [26] . Based on the observed spectra, it was concluded that EPSs produced by all three analyzed isolates were of the same nature: homo-polysaccharides of glucose in α-configuration, and the EPS was identified as dextran.
DISCUSSION
The present study describes three new LAB strains isolated from water kefir grains that are able to produce dextran. Dextran production is a prevalent feature among LAB [27] . Dextran has numerous applications in food as well as in non-food industries [12] [13] [14] [15] [16] , although a greater commercial use is limited by relatively small yields [28] . Most of LAB produce homopolysaccharides in quantities lower than 1g/L when growing under conditions that are not optimized for EPS production [29] .
We have selected 3 among 12 LAB strains isolated from water kefir grain based on the slimy colony formation as potential dextran producers .The preliminary screening for dextran production showed that these three strains were potent dextran producers with yields ranging from 11.56 to 18.46 g/L. Dextran production yields obtained with our isolates is similar or exceeding the maximal yields of other reported dextran-producing bacteria [30] [31] [32] [33] . In the study of Van der Meulen and colleagues, the total of 174 strains were isolated from cereal and dairy products, of which only 9 produced glucans with yields in range 0.8-17.2 g/L [30] . Majumder and coworkers reported dextran yield of 12 g/L produced by Lc. mesenteroides NRRL B-640 under optimized conditions [32] . This yield is similar with our strain Lc. mesenteroidesT1, while strain Lc. mesenteroidesT3 produced 33% more dextran from the same amount of sucrose in the medium. The strain Lc. mesenteroides T3 converted 36% of sucrose into dextran, which is higher than that reported by Sarwat and colleagues [31] in the study of Lc. mesenteroides CMG713 (32.5). Qader and coworkers optimized conditions for dextran production by Lc. mesenteroides PCSIR-4 and achieved 47.8% conversion [34] . We determined the optimal temperature and incubation time for dextran production for the three analyzed strains. The optimal dextran production for Lb. hilgardii T5 was achieved at 30 °C, which is in agreement with previously published data [8] . Lb. hilgardii is responsible for dextran production and grain formation [8] . Glucose molecules in this dextran are linked by alpha 1-3 and alpha 1-6 glycosidic bonds in the main chain with additional alpha 1-3 bonds in the side chain. The presence of alpha 1-3glycosidic bonds in dextrans is known to render them insoluble in water [35] .
The optimal temperature for dextran production by Leuconostoc strains is strain-dependent and varies from 23-30 °C [31,36,37] . Both Leuconostoc mesenteroides strains presented in this paper produced the highest amount of dextran at 23 °C.
Since conditions for dextran production are specific for each strain, they could be further optimized. Several factors including sucrose concentration, nitrogen source, mineral salts, initial pH medium and aeration can influence dextran production [32, 33, 38, 39] . Further optimization of conditions that favor dextran production for our strains has a potential to achieve yields higher than ever reported in the literature, given that under tested conditions, the dextran yields were at level of exceeding those reported by others. Also, the product itself should be more detailed characterized. First, molecular mass should be determined, as well as factors affecting production of dextran desired mass, which is important for its application.
CONCLUSION
Our results show that water kefir grains are rich natural source of potent dextran-producing LAB. Our attempt to isolate dextran producing LAB from a noncommercial water kefir grains generated three strains, which yields of dextran production are exceeding those reported in the literature, because of which these strains can be considered as candidates for commercial exploitation. Vodeni kefir je napitak koji nastaje fermentacionom aktivnošću bakterija mlečno-kiselinskog vrenja, kvasaca i sirćetnih bakterija. Ova kompleksna smeša mikroorganizama smeštena je unutar polisaharidnog matriksa -kefirnog zrna. Glavnu šećernu komponentu matriksa čini dekstran koji sintetišu bakterije mlečno-kiselinskog vrenja. Dekstran je homo polisaharid velike molekulske mase čija je monomerna jedinica glukoza. Zahvaljujući dobroj rastvorljivosti i stabilnosti, dekstran ima široku primenu u različitim granama industrije, kao što su medicina, farmacija, prehrambena, tekstilna i hemijska industrija. Nerastvorni dekstran može da posluži kao nosač za imobilizaciju biomolekula. Imajući u vidu veliku primenjivost dekstrana, cilj ovog rada je bio izolovati bakterije mlečno-kiselinskog vrenja iz zrna vodenog kefira koje produkuju ovaj egzopolisaharid sa visokim prinosima. U radu je prikazana izolacija i karakterizacija tri selektovana soja i optimizacija uslova za produkciju dekstrana. Na osnovu morfoloških, fizioloških i biohemijskih osobina i 16S rRNK sekvenciranja utvrđeno je da su izolati T1 i T3 sojevi vrste Leuconostoc mesenteroides, dok je izolat T5 identifikovan kao Lactobacillus hilgardii. Za produkciju dekstrana korišćena je modifikovana MRS podloga sa 5% saharoze, kao jedinim izvorom ugljenika. Maksimalni prinosi dekstrana (11, 56, 18 ,00 i 18,46 g/l) su dobijeni nakon 16, 20 i 32 h fermentacije, za T1, T3 i T5, redom. Optimalne temperature za produkciju dekstrana su 23 °C za dva Leuconostoc mesenteroides soja, a za Lactobacillus hilgardii 30 °C. Uzorci sintetisanih polisaharida su identifikovani kao dekstrani na osnovu papirne hromatografije, dok su glavne strukturne karakteristike prečišćenih dekstrana utvrđene na osnovu FTIR spektroskopije. 
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